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The Australian weevil Oxyops vitiosa was released in
1997 in Florida as a biological control agent of
Melaleuca quinquenervia. The larvae of this agent are
flush-feeders, found only on the growing tips of their
host. Knowledge of this restriction to feeding on the
growing tips and other nutritional requirements may
assist in the establishment and dispersal of this spe-
cies. Therefore, O. vitiosa survival was assessed when
neonates were fed M. quinquenervia leaves from
branches that had dormant buds or emerging bud
leaves. Additionally, the influence of leaf quality from
different sites and within sites was determined by the
feeding of neonates emerging bud leaves collected at
three sites and from three leaf qualities (poor, inter-
mediate, and high). Within-site leaf qualities were de-
scribed in the field by leaf color and in the laboratory
by percentage dry mass and nitrogen. Larval survival
was lowest when fed leaves from branches that had
dormant buds. Associated with this low survival were
high leaf toughness and percentage dry mass. When
larvae were fed emerging bud leaves, most of the vari-
ation in larval survival and performance was attrib-
uted to differences in within-site plant quality. Gener-
ally, the highest-quality leaves had relatively low per-
centage dry mass and high percentage nitrogen.
Larval survival generally decreased when fed the
poor-quality leaves, and in one site, the intermediate-
quality leaves. Larvae required less time to develop to
adults when fed the high-quality leaves. Development
time increased in females but not in males when the
larvae were fed the poor-quality leaves. Adult biomass
of both females and males generally increased when
the larvae were fed the high-quality leaves from two of
the three sites. The results indicate that the larvae of
O. vitiosa are restricted to feeding on flush foliage
with low toughness. Additionally, variations in foliar
percentage dry mass and nitrogen influence larval
survival and performance. This knowledge benefited
the development of mass-production nursery sites and
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the selection of suitable release sites, which facilitated
the establishment of this biological control agent.

INTRODUCTION

Biological control efforts against the Australian
melaleuca tree Melaleuca quinquenervia (Cav.) Blake
(Myrtaceae) have resulted in the 1997 release in south
Florida of the leaf-feeding weevil Oxyops vitiosa Pascoe
(Coleoptera: Curculionidae) (Center et al., 2000). Both
the adults and the larvae of this species have been
observed feeding primarily on flush-foliage on tip
leaves of the melaleuca tree (Purcell and Balciunas,
1994). In south Florida, the tree produces this flush-
growth generally in the winter and spring from the
apical buds after flowering (Van et al., 2001). This
insect is most abundant in Australia on M. quinquen-
ervia trees that are growing rapidly, often from suckers
or landscaped plants (Purcell and Balciunas, 1994).
This suggests that larval survival, growth, and devel-
opment may be influenced by the host nutritional qual-
ity. Thus, a better understanding of the nutritional
requirements of O. vitiosa would aid establishment
efforts of this species in Florida for biological control of
M. quinquenervia.

The melaleuca tree is an aggressive weed threaten-
ing the biodiversity of the south Florida everglades
ecosystem (Turner et al., 1998). Originally from east-
ern Australia, this tree was introduced to south Florida
around the turn of the century by horticulturists (Mor-
ton, 1966). Following its introduction, the tree has
spread through the natural areas of south Florida that
include, and are adjacent to, the Everglades National
Park and the Big Cypress Preserve. With the dramatic
decreases in water flows of south Florida for flood con-
trol to protect agriculture and urban areas, this species
and many other exotic weeds have flourished. The tree
now occupies more than 200,000 ha in the region and,
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because of its ability to resprout from periodic freezes,
has the potential to invade coastal wetlands of south-
ern Louisiana and eastern Texas (Turner et al., 1998).

The nutrition of herbivores feeding on tree foliage
may be limited by several key factors, among them
moisture and nitrogen content (Mattson and Scriber,
1987). Compared with herbaceous plants, tree foliage
typically has lower levels of water, nitrogen, and min-
eral elements (Mattson and Scriber, 1987). Addition-
ally, fiber content and leaf toughness may be important
factors limiting the survival, growth, and development
of tree-feeding folivores (Coley and Barone, 1996). Con-
sequently, the herbivores that feed on tree foliage typ-
ically have lowered performance and conversion effi-
ciencies compared with herb-feeders (Scriber and
Feeny, 1979; Mattson, 1980). The goals of this study
were to quantify select plant quality factors and to
determine their impact on the survival and perfor-
mance of the M. quinquenervia biological control agent
O. vitiosa.

MATERIALS AND METHODS

Preliminary Test

Plant quality. A preliminary test was conducted to
investigate the degree of dependence of O. vitiosa neo-
nates on flush-foliage. This was determined by the
recording of O. vitiosa neonate survival when fed M.
quinguenervia branches with and without emerging
bud leaves. Branches were collected at Tree Tops Park
(TT), Broward Co., Florida during spring 1997. The
branches without emerging leaves had dormant buds
and were characterized as stage 1 and those with
leaves that were fully emerged from the bud were
characterized as stage 4 (T. K. Van et al., USDA/ARS,
Ft. Lauderdale, FL, unpublished data). The leaves
were analyzed for leaf toughness (n = 10) with a
modified gram gauge (Wheeler and Center, 1996). Leaf
toughness was estimated for 15 consecutive leaves
from the apical tip toward the base of the branch. All
statistical analyses were conducted on SAS/PC (SAS
Institute, 1990). To determine whether leaf toughness
changed with leaf position on the stem, the data were
analyzed with linear regression. To determine whether
leaf toughness differed between the branches with dor-
mant buds and those from emerging buds, the regres-
sion coefficients were compared with analysis of covari-
ance (ANCOVA). Percentage dry mass of leaves was
determined gravimetrically (n = 16) by the combining
of all the leaves in each branch and the comparison of
the mass of leaves weighed fresh and after drying at
60°C for 48 h.

Larval survival. Neonates (n = 40) were fed leaves
from freshly collected M. quinquenervia branches until
they reached the adult stage. Foliage and larvae were
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kept in petri dishes (15 X 2 cm) lined with moistened
filter paper and sealed with parafilm to retain mois-
ture. The filter paper was moistened, the frass was
removed, and the M. quinquenervia branches were re-
placed about every 3 days. Larvae were reared at 27°C,
90% RH, and L14:D10 h photophase. Data were col-
lected on larval survival to the prepupal, pupal, and
adult stages.

Second Test—Among- and Within-Sites

Plant quality. Subsequent collections included
branches that had buds with emerging leaves (stage 4
buds; T. K. Van et al., unpublished data) collected from
three south Florida sites located at Holiday Park (HP),
Tree Tops Park, both Broward Co., and Krome Avenue
and Highway 27 (Krome), Dade Co., Florida. All collec-
tions were conducted during the spring of 1997. At
each site, leaves were classified into one of three cate-
gories based upon leaf color, which may be a useful
predictor of relative plant quality and overall suitabil-
ity of select herbivores. Leaves were classified by the
chromatic colors green or yellow with the notation of G
or Y (or an intermediate of the two, e.g., GY), respec-
tively, based upon the Munsell color chart (Anony-
mous, 1977). Each color may be further subdivided
with numbers that refer to the darkness of the hue,
where dark is symbolized as 0/ and light as 10/, and the
degree of its saturation, where the greater the value,
symbolized as /10, the greater its saturation. The
leaves collected at sites were classified as poor (5Y 8/8
to 5GY 7/8), intermediate (5GY 5/6 to 7.5GY 4/4), and
high (5GY 4/6 to 7.5GY 3/4).

Percentage dry mass of leaves collected at the three
sites and three categories within each site were deter-
mined gravimetrically by leaf position (n = 16), zero
being the youngest leaf at the branch tip. The percent-
age dry mass was determined as described previously
for individual leaves. Additionally, leaves were di-
gested with a modified Kjeldahl method (Hach et al.,
1987) and percentage nitrogen content was determined
(n = 16) by an ammonia-selective ion method (Green-
berg et al., 1992). Standard reference tomato leaves
(National Institute of Standards, Gaithersburg, MD)
were analyzed as controls and the values were adjusted
for percentage recovery. To determine whether leaf
percentage dry mass or nitrogen differed among sites
and qualities within sites, a two-way ANCOVA was
performed, where leaf position served as the covariate.
The means were compared with the Ryan’'s Q multiple
comparison test (P = 0.05). To determine differences
in elevations and slopes of percentage dry mass or
nitrogen over leaf positions on a branch within each
site, the regression coefficients were compared with
ANCOVA.

Larval performance. Neonates (n = 40) were fed
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FIG. 1.

Mean toughness (= SE) of M. quinquenervia leaves located on branches with dormant buds and on branches with emerging bud

leaves. Leaf toughness was significantly greater for leaves from branches with dormant buds (regression not significant) than for leaves from
branches with emerging bud leaves (y = 209.9 + 9.9 x; r> = 0.45; P < 0.0001).

leaves individually in petri dishes as described above
until they developed to the adult stage. Data were
collected on several performance parameters including
larval survival, biomass gain, and development time to
the adult stage. To determine whether site, quality, or
adult sex significantly influenced these insect perfor-
mance parameters, a three-way ANOVA was per-
formed.

RESULTS

Preliminary Test

Leaf toughness. Leaf toughness was significantly
greater for leaves from branches with dormant buds
compared with those from branches that had buds with
emerging leaves (F,,;s = 27.78; P < 0.0001; Fig. 1).
Toughness of the leaves from dormant buds ranged
from 750 to nearly 800 g/mm?, whereas that of the
leaves from branches with emerging bud leaves ranged
from 200 to <350 g/mm?®. The leaf toughness from
branches with dormant buds did not change with leaf
position (P > 0.09) in contrast to those with emerging
bud leaves, which increased toward the branch base.
Dry mass of the leaves from branches with dormant
buds (43.8 = 0.7%) was significantly greater (F,, =
685.02; P < 0.0001) than that of the leaves from
branches with emerging bud leaves (23.2 + 0.5%).

Larval survival. Survival of neonates to the prepu-
pal, pupal, and adult stages was significantly reduced
when fed leaves from branches with dormant buds
(Fi10 = 41.63; P < 0.0001). Only 7.5 (= 4.8%) of the

neonates survived to the prepupal, pupal, and adult
stages when fed leaves from branches with dormant
buds compared with 47.5 (+=3.7%) for those fed leaves
from branches that had emerging bud leaves.

Second Test—Among- and Within-Sites

Plant quality. Percentage dry mass of leaves was
influenced by site (F, .45 = 26.52; P < 0.0001), qual-
ity (F,24: = 459.59; P < 0.0001), leaf position (co-
variate) on the branch (F,,.,; = 241.70; P < 0.0001),
and interaction of site and quality (F,.4s = 225.14;
P < 0.0001). Among-site comparisons indicated that
percentage dry mass of leaves was greatest for poor-
qguality leaves collected at the TT site followed by those
collected at the Krome and HP sites (F,,;; = 191.31;
P < 0.0001; Fig. 2). Leaves of the intermediate quality
had the greatest percentage dry mass from the HP and
Krome sites (F,.,; = 60.64; P < 0.0001). The high-
qguality leaves had the greatest percentage dry mass at
the Krome site, followed by the HP site, which was
greater than that collected at the TT site (F, ., =
140.60; P < 0.0001). Additionally, within-site analy-
ses indicated that percentage dry mass of leaves was
greatest for the poor-quality leaves at the TT (F, ;16 =
1369.11; P < 0.0001) and Krome (F, .16 = 93.63; P <
0.0001) sites and greatest for the high- and poor-qual-
ity leaves at the HP site (F,,;, = 9.36; P < 0.0001).

Percentage dry mass of leaves decreased signifi-
cantly with distance from the tip for all site X quality
combinations except for the high-quality branches,
which either had positive slopes or had slopes that
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FIG. 2. Mean percentage dry mass (= SE) of M. quinquenervia
leaves from three sites and three categories of plant quality from
each site. Bars with the same uppercase letters within a plant
quality were not significantly different and bars with the same
lowercase letters within a site were not significantly different, both
according to a Ryan’s Q mean comparison test (P < 0.05).

were not significantly different from zero (Table 1; Fig.
3). Moreover, the slopes of the lines for high quality
were greater than those of the intermediate quality,
which were generally greater than, or equal to (e.g.,
Krome), those of poor quality. Additionally, for each
site the elevations of the lines for poor-quality leaves
were significantly greater (Table 1) than those for in-
termediate leaves, which were greater than, or equal to
(e.g., Krome), those for high-quality leaves.

Given the observed differences in percentage dry
mass of the leaves among sites, leaf quality, and leaf
position, the nutrients available to herbivores would be
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diluted differently according to these three parame-
ters. Therefore, herein, nitrogen content is expressed
on a fresh-mass basis. Percentage nitrogen of leaves
was influenced by site (F, 1,6 = 99.40; P < 0.0001),
quality (F,.;0 = 15.75; P < 0.0001), leaf position
(covariate) on the branch (Fii 25.49; P <
0.0001), and interaction of site and quality (F,;1;0 =
3.92; P = 0.0050; Fig. 4). Percentage nitrogen of
foliage of all three quality levels (high: F,,, = 40.24;
P < 0.0001; intermediate: F, 4 = 46.96; P < 0.0001,;
and poor: F,5 = 22.57; P < 0.0001) was highest
when collected at the Krome site, followed by that of
the HP and TT sites (Fig. 4). Furthermore, within-site
analyses indicated that the percentage nitrogen was
greatest for the high-quality leaves, followed by that of
the intermediate- and poor-quality leaves at the HP
(Fo4 =5.78; P =0.0058) and TT (F,4, = 27.32; P <
0.0001) sites, whereas, no differences occurred among
the leaf qualities from Krome (Fig. 4).

Foliar percentage nitrogen was distributed differ-
ently from the branch tip to the base according to the
quality of branch collected. Percentage nitrogen of
leaves decreased significantly with distance from the
tip for all site X quality combinations except for the
high-quality branches, which all increased toward the
branch base (Table 2; Fig. 5). The slopes of the lines for
high quality were significantly greater than those of
the poor and intermediate qualities at all sites. Addi-
tionally, the elevations of the lines for the intermedi-
ate- and poor-quality branches from HP and Krome
were generally greater than those for the high-quality
leaves (Table 2).

Insect survival. Neonate survival to the prepupal
stage decreased significantly when fed the poor-quality
leaves at the TT and HP sites and the intermediate-

TABLE 1

Regression Coefficients for Percentage Dry Mass of M. quinquenervia Leaves Categorized into Three Qualities
from Three Sites in Southeastern Florida

Coefficients
Site Quality B,” B,° r? P
TT High 249 c —-0.1a 0.24 0.0565
Intermediate 279b -0.6b 0.95 <0.0001
Poor 355a —-0.02¢c 0.04 0.4748
HP High 25.0c 0.4a 0.79 <0.0001
Intermediate 29.1b -0.4b 0.76 <0.0001
Poor 333 a -0.8c 0.86 <0.0001
Krome High 29.2 b 0.07 a 0.21 0.0716
Intermediate 29.7b -05b 0.79 <0.0001
Poor 349 a -0.6b 0.77 <0.0001

 Elevation coefficients within a site followed by the same letter were not significantly different according to ANCOVA and a linear contrast

procedure.

® Slope coefficients within a site followed by the same letter were not significantly different according to ANCOVA and a linear contrast

procedure.
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FIG. 3. Mean percentage dry mass (£ SE) of M. quinquenervia
leaves at different leaf positions from the tip. Leaves were from three
sites and three categories of plant quality from each site. Percentage
dry mass of leaves decreased in the poor-quality (see Table 1 for
coefficients and probabilities) and intermediate-quality leaves and
increased in the high-quality leaves from the branch tip toward its
base.

quality leaves at the TT site (Fig. 6). However, regard-
less of within-site quality differences, overall first in-
star survival differed little when fed leaves from dif-
ferent sites (F,s; = 0.85; P > 0.4).

Insect growth and development. Development time

G. S. WHEELER

to the adult stage was significantly affected by both site
(Fo18s = 17.19; P < 0.0001) and quality (F,.s3 =
10.90; P < 0.0001) and the interaction of these two
factors (F, .53 = 6.94; P < 0.0001; Fig. 7A). Among-
site comparisons indicated that adult development
time was significantly shortest when fed the interme-
diate-quality leaves from the HP site (F,¢ = 27.74;
P < 0.0001) compared with the same quality of leaves
from the other two sites. Little difference among sites
occurred in adult development time for the other qual-
ity categories of leaves. Within-site comparisons indi-
cated that development time was generally shorter for
larvae fed the high-quality leaves from the TT (F, ¢ =
13.42; P < 0.0001) and the Krome (F,,, = 10.08;
P < 0.0001) sites compared with those fed leaves from
other plant quality categories. Adult development time
was also influenced by the interaction of insect sex and
plant quality (F,.ss = 3.93; P = 0.0214). However,
only female adult development time (F,,,s = 7.07;
P = 0.0013) was greater when fed the poor-quality
leaves (35.7 = 1.1 days) compared with those fed the
intermediate-quality (33.1 = 0.7 days) and high-qual-
ity (32.1 £ 0.4 days) leaves. Male development time
was not influenced by leaf quality (32.6 = 0.3 days; P >
0.05).

Adult biomass was also significantly affected by site
(Fo18s = 5.72; P = 0.0039), plant quality (F;i55 =
3.43; P = 0.0346), and their interaction (F,.ss =
4.38; P = 0.0021; Fig. 7B). Little difference occurred
in adult biomass among sites; however, it was greatest
for larvae fed the intermediate-quality leaves from the
HP and Krome sites (F,s = 5.00; P = 0.0097) com-
pared with the same-quality leaves from the TT site.
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FIG. 4. Mean percentage nitrogen (fresh mass * SE) of M. quin-
quenervia leaves collected from three sites of three categories of
plant quality. Bars with the same uppercase letters within a plant
quality category were not significantly different and bars with the
same lowercase letters within a site were not significantly different,
both according to a Ryan’s Q mean comparison test (P < 0.05).
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TABLE 2

Regression Coefficients for Percentage Nitrogen (Fresh Mass) of M. quinquenervia Leaves Categorized
into Three Qualities from Three Sites in Southeastern Florida

Coefficients
Site Quality B," B,° r? P
TT High 0.42b 0.002 a 0.29 0.0399
Intermediate 0.48 a -0.011¢c 0.92 <0.0001
Poor 0.37c —0.004 b 0.30 0.0296
HP High 0.44 ¢ 0.010 a 0.85 <0.0001
Intermediate 052b —0.008 b 0.90 <0.0001
Poor 0.60 a —0.026 ¢ 0.89 <0.0001
Krome High 0.50 ¢ 0.005 a 0.74 0.0003
Intermediate 0.62 a —0.008 ¢ 0.89 <0.0001
Poor 0.58 b -0.002 b 0.06 0.4839

 Elevation coefficients within a site followed by the same letter were not significantly different according to ANCOVA and a linear contrast

procedure.

® Slope coefficients within a site followed by the same letter were not significantly different according to ANCOVA and a linear contrast

procedure.

Within-site analyses indicated that adult biomass val-
ues were significantly greatest (F,s; = 8.72; P =
0.0004) when larvae were fed the high-quality leaves
from the TT site compared with the other quality cat-
egories of leaves from the same site. Additionally, lar-
vae fed the intermediate-quality leaves from the
Krome site had greater adult biomass (F,,, = 2.83;
P = 0.0661) than larvae fed the poor-quality leaves
from the same site. Insect sex also influenced adult
biomass. The females had significantly greater bio-
mass (41.8 = 0.4 mg) than the males (36.0 = 0.5 mg;
Fiis = 71.38; P < 0.0001). However, none of the
interactions were significant, suggesting that the ef-
fects of site and quality influenced the male and female
biomasses similarly.

DISCUSSION

These results suggest that both within- and among-
site variations in the percentage of dry mass and ni-
trogen of M. quinquenervia leaves influenced the sur-
vival, growth, and development of O. vitiosa larvae.
Additionally, the most dramatic effect was found in the
low larval survival when they were feeding on leaves
from branches with dormant buds. Associated with
this low larval survival were high leaf toughness and
percentage dry mass. However, when larvae were fed
leaves that were emerging from buds, most of the vari-
ation in larval survival and performance could be di-
rectly related to within-site plant quality differences,
namely, percentage dry mass and nitrogen of the
leaves. Although larval survival and adult biomass
were similar in larvae fed leaves from different sites,
development time for larvae fed the intermediate- and
poor-quality leaves from HP was generally shortest.

Other site factors, not investigated here, may influ-
ence O. vitiosa survival, such as hydroperiod, natural
enemies, and secondary plant chemistry. This species
completes larval development on leaves in the tree
canopy and then drops or climbs down to the ground
where it excavates a pupal cell in the soil (Purcell and
Balciunas, 1994). M. quinquenervia occupies coastal
wetlands in Australia (Turner et al., 1998), and many
sites infested with this tree species in south Florida are
flooded for extensive periods (Center et al., 2000). The
prepuae of O. vitiosa are not expected to survive long
periods in water, and weevil populations have not es-
tablished at sites in Florida with long hydroperiods
(Center et al., 2000). Additionally, natural enemies
may be important regulators of O. vitiosa populations
in their native range; however, in Florida generalist
predators have been observed attacking O. vitiosa lar-
vae only in a few localities, including the predacious
pentatomid Podisus mucronatus Uhler (P. Pratt,
USDA/ARS, Ft. Lauderdale, FL, personal communica-
tion). Other factors that potentially may impact herbi-
vore populations are the numerous foliar terpenoids of
M. quinquenervia. These terpenoids have been well
documented in Australia (Brophy et al., 1989) and in
other countries (e.g., Ramanoelina et al., 1994); how-
ever, little is known about their composition in Florida.
Even less is known about the biological relevance of M.
quinguenervia terpenoids to the associated herbivores,
including this biological control agent. Different sites
in Australia and Florida may be dominated by distinct
M. quingquenervia chemotypes that vary in the concen-
trations of the principal terpenoids (lreland, 1999;
F. A. Dray and G. S. Wheeler, unpublished data), many
of which are well-known mediators of mammalian
(Lawler et al., 1999) and invertebrate (Gershenzon and
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FIG. 5. Mean percentage nitrogen (fresh mass = SE) of M. quin-
quenervia leaves collected at different leaf positions from the tip.
Leaves were from three sites and three categories of plant quality
from each site. Percentage nitrogen of leaves decreased in the poor-
quality (see Table 2 for coefficients and probabilities) and interme-
diate-quality leaves and increased in the high-quality leaves from
the branch tip toward its base.

Croteau, 1991) herbivore behavior, growth, and devel-
opment. Examples include a-pinene, a well-known fac-
tor that influences diverse insect—plant interactions
(Gershenzon and Croteau, 1991), 1,8-cineole, an at-
tractant of the banana weevil (Ndiege et al., 1996) and

E,S-nerolidol, an antifeedant of the gypsy moth (Dos-
kotch et al., 1980). The distribution and biological sig-
nificance of these and other M. quinquenervia terpe-
noids on O. vitiosa larval and adult performance and
behavior need to be determined.

The classification of M. quinquenervia plant quality
by leaf color (Anonymous, 1977) was proposed as a
useful field estimate of relative plant nutrient levels
and suitability for flush-feeding herbivores like O. vi-
tiosa. In several cases, the technique accurately char-
acterized the relative levels of percentage nitrogen of
leaves and O. vitiosa larval survival and performance.
For example at the TT site, percentage nitrogen was
greatest for high-quality leaves, followed by interme-
diate-quality leaves, and was lowest for poor-quality
leaves. Larvae fed the high-quality leaves from this
site had their greatest survival, shortest development
time, and greatest adult biomass, followed by the lar-
vae fed the intermediate- and poor-quality leaves. Al-
though larval survival and adult biomass did not differ
significantly when the larvae were fed the intermedi-
ate- and poor-quality leaves from TT, development
time was significantly greater for larvae fed the inter-
mediate-quality compared with those fed the poor-
qguality leaves. However, the leaf quality classification
system applied to leaves collected at the Krome site
appeared to conflict with the percentage nitrogen de-
termination as no difference was found in the latter
values among the different leaf quality categories.
However, larvae fed the high-quality leaves from the
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FIG. 6. Mean percentage survival (£ SE) of O. vitiosa larvae to
the prepupal stage fed M. quinquenervia leaves from three sites and
three categories of plant quality. No significant difference was found
among sites. However, bars with different lowercase letters within a
site were significantly different according to a Ryan’s Q mean com-
parison test (P < 0.05). Percentage survival was significantly re-
duced in larvae fed the poor-quality and the intermediate-quality
leaves from the TT site (F,, = 31.65; P < 0.0001) and the poor-
quality leaves from the HP site (F,, = 13.29; P = 0.0021).
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FIG.7. Mean development time (= SE) from neonate to adult (A)
and adult biomass (B) for O. vitiosa larvae fed M. quinquenervia
leaves from three sites and three categories of plant quality. Bars
with the same uppercase letters within a plant quality category were
not significantly different and bars with the same lowercase letters
within a site were not significantly different, both according to a
Ryan’s Q mean comparison test (P < 0.05).

Krome site completed development more rapidly than
larvae fed leaves from the other leaf quality categories,
and adult biomass was generally greater for larvae fed
the high- and intermediate-quality leaves. Finally, for
the HP site, only larval survival was greater for larvae
fed the high- and intermediate-quality leaves com-
pared with those fed the poor-quality leaves. Addi-
tional studies are needed to address other factors that
may have influenced larval survival, growth, and de-
velopment, such as the terpenoid levels of the leaves.

The larvae of O. vitiosa minimize the physical bar-
riers of leaf toughness and nutritional deficiencies of
limited water and nitrogen by feeding on the young
leaves or flush growth of M. quinquenervia trees. The
results of this study indicate that the apical leaves of
branches with growing tips are softest and the leaf
toughness increases toward the branch base. Addition-
ally, the distribution of foliar percentage dry mass
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(moisture) and nitrogen from the branch tip toward its
base was influenced by the quality of leaves. Percent-
age leaf dry mass was generally greatest, and so nu-
trients were less dilute, in leaves near the branch tip,
especially in the intermediate- and poor-quality leaves,
and this level generally decreased toward the branch
base. Percentage nitrogen levels increased toward the
base in the high-quality branches and decreased to-
ward the base in the intermediate- and poor-quality
branches. Eggs of O. vitiosa are generally laid singly or
in small clusters on young leaves in or near the branch
tip (Purcell and Balciunas, 1994). After eclosion, the
larvae begin feeding on the same leaves near the
branch tip. This oviposition behavior provides the ne-
onates with the softest leaves on branches with grow-
ing tips. These leaves from the intermediate- and poor-
guality branches also have the greatest percentage dry
mass (lowest moisture) and nitrogen content. Possibly,
O. vitiosa larvae are not water limited while feeding on
these drier leaves, but, more importantly, essential
nutrients such as nitrogen are more concentrated. Sub-
sequently, larval development is completed on leaves
farther from the tip with decreases in both percentage
dry mass (greater moisture) and nitrogen for the inter-
mediate- and poor-quality leaves with greater distance
from the branch tip. On the high-quality branches the
opposite occurs, where the leaves farthest from the tip
have increased percentage dry mass and nitrogen. Pos-
sibly, O. vitiosa eggs and larvae are distributed simi-
larly to take advantage of the nutritional differences on
high- versus intermediate- and poor-quality branches.
However intriguing, this relationship has yet to be
determined. Most likely, the relatively high leaf tough-
ness and its associated high O. vitiosa larval mortality
have selected for oviposition, larval growth, and devel-
opment on apical leaves of low toughness and often
high nitrogen content.

ACKNOWLEDGMENTS

I am indebted to the technical assistance of Mark Endries, Ameri-
Corps, Students Conservation Association, R. Leidi-Ferrer, and A.
Durden, University of Florida, and to Dr. Paul Pratt, USDA/ARS, Ft.
Lauderdale, FL for insightful comments on a previous version of the
manuscript. Financial support was provided by the Florida Depart-
ment of Environmental Protection and the Dade County Department
of Environmental Resource Management. This is Florida Agricul-
tural Experiment Station Journal Series No. R-07916.

REFERENCES

Anonymous. 1977. “Munsell Color Charts for Plant Tissues” 2nd ed.
Macbeth, A division of Kollmorgen Corp., Baltimore, MD.

Brophy, J. J., Boland, D. J., and Lassak, E. V. 1989. Leaf essential
oils of Melaleuca and Leptospermum species from tropical Austra-
lia. In “Trees for the Tropics: Growing Australian Multipurpose
Trees and Shrubs in Developing Countries” (D. J. Boland, Ed.), pp.



264

193-203. Australian Centre for International Agricultural Re-
search, Canberra, Australia.

Center, T. D., Van, T. K., Rayachhetry, M., Buckingham, G. R., Dray,
F. A., Wineriter, S., Purcell, M. F., and Pratt, P. D. 2000. Field
colonization of the Melaleuca snout beetle (Oxyops vitiosa) in south
Florida. Biol. Control 19, 112-123.

Coley, P. D., and Barone, J. A. 1996. Herbivory and plant defenses in
tropical forests. Annu. Rev. Ecol. Syst. 27, 305-335.

Doskotch, R. W., Cheng, H.-Y., Odell, T. M., and Girard, L. 1980.
Nerolidol: An antifeeding sesquiterpene alcohol for gypsy moth
larvae from Melaleuca leucadendron. J. Chem. Ecol. 6, 845-851.

Gershenzon, J., and Croteau, R. 1991. Terpenoids. In “Herbivores:
Their Interactions with Secondary Plant Metabolites.” Vol I: “The
Chemical Participants” (G. A. Rosenthal and M. Berenbaum,
Eds.), 2nd ed., pp. 165-219. Academic Press, San Diego.

Greenberg, A. E., Clesceri, L. S., and Eaton, A. D. 1992. “Standard
Methods for the Examination of Water and Wastewater,” 18th ed.
Am. Public Health Assoc., Washington, DC.

Hach, C. C., Bowden, B. K., Koplove, A. B., and Brayton, S. V. 1987.
More powerful peroxide Kjeldahl digestion method. J. Assoc. Off.
Anal. Chem. 70, 787.

Ireland, B. F. 1999. “Essential Oils of Eucalyptus miniata and
Melaleuca quinquenervia.” School of Chemistry, University of
NSW, Sydney, NSW, Australia.

Lawler, I. R., Stapley, J., Foley, W. J., and Eschler, B. M. 1999.
Ecological example of conditioned flavor aversion in plant—herbi-
vore interactions: Effect of terpenes of eucalyptus leaves on feeding
by common ringtail and brushtail possums. J. Chem. Ecol. 25,
401-415.

Mattson, W. J. 1980. Herbivory in relation to plant nitrogen content.
Annu. Rev. Ecol. Syst. 11, 119-161.

Mattson, W. J., and Scriber, J. M. 1987. Nutritional ecology of insect
folivores of woody plants: Nitrogen, water, fiber, and mineral con-

G. S. WHEELER

siderations. In “Nutritional Ecology of Insects, Mites, Spiders, and
Related Invertebrates” (F. Slansky Jr. and J. G. Rodriguez, Eds.),
pp. 105-146. Wiley, New York.

Morton, J. F. 1966. The cajeput tree—A boon and an affliction. Econ.
Bot. 20, 31-39.

Ndiege, I. O., Budenberg, W. J., Otieno, D. O., and Hassanli, A. 1996.
1,8-Cineole: An attractant for the banana weevil, Cosmopolites
sordidus. Phytochemistry 42, 369-371.

Purcell, M. F., and Balciunas, J. K. 1994. Life history and distri-
bution of the Australian weevil Oxyops vitiosa (Coleoptera: Cur-
culionidae), a potential biological control agent for Melaleuca
quinquenervia (Myrtaceae). Ann. Entomol. Soc. Am. 87, 867—
873.

Ramanocelina, P. A. R., Viano, J., Bianchini, J. P., and Gaydou, E. M.
1994. Occurrence of various chemotypes in Niaouli (Melaleuca
guinquenervia) essential oils from Madagascar using multivariate
statistical analysis. J. Agric. Food Chem. 42, 1177-1182.

SAS Institute. 1990. SAS/STAT User’s Guide Version 6. SAS Insti-
tute, Cary, NC.

Scriber, J. M., and Feeny, P. P. 1979. Growth of herbivorous cater-
pillars in relation to feeding specialization and to the growth form
of their food plants. Ecology 60, 829—-850.

Turner, C. E., Center, T. D., Burrows, D. W., and Buckingham, G. R.
1998. Ecology and management of Melaleuca quinquenervia, an
invader of wetlands in Florida, U.S.A. Wetlands Ecol. Manage. 5,
165-178.

Van, T. K., Rayachhetry, M., and Center, T. D. 2001. Litter dynamics
and phenology of Melaleuca quinquenervia in south Florida. J.
Aquat. Plant Manage. 39, in press.

Wheeler, G. S., and Center, T. D. 1996. The influence of hydrilla leaf
quality on larval growth and development of the biological control
agent Hydrellia pakistanae (Diptera: Ephydridae). Biol. Control 7,
1-9.



	INTRODUCTION
	MATERIALS AND METHODS
	FIG. 1

	RESULTS
	FIG. 2
	TABLE 1
	FIG. 3
	FIG. 4
	TABLE 2

	DISCUSSION
	FIG. 5
	FIG. 6
	FIG. 7

	ACKNOWLEDGMENTS
	REFERENCES

